The EPR zero-field splitting D (= b 0 2 ) and its pressure and temperature dependence for trigonal Mn 2+ centers in low and room temperature phases in [Zn(H 2 O) 6 ](BF 4 ) 2 : Mn 2+ crystal are studied by a high-order perturbation formula based on the dominant spin-orbit coupling mechanism. From the studies, the local trigonal distortion angles, the local angular compressibilities and the local angular thermal expansion coefficients for Mn 2+ centers in both phases of the [Zn(H 2 O) 6 ](BF 4 ) 2 crystal are estimated. The results are discussed.
Introduction

Crystals of [Zn(H 2 O) 6 ](BF 4 ) 2 and its isomorphous compounds doped with bivalent 3d
n ions have attracted great interest because: (i) there are several phase transitions induced by weak orientation interaction forces in these crystals [1, 2] ; (ii) these crystals have unusual properties caused by bivalent impurity ions arranged in the form of chains weakly linked to each other [3] ; (iii) they are very compressible and can serve as model objects in studies at high pressure [4, 5] . So, many EPR spectra for bivalent 3d n ions (e. g., Mn 2+ , Ni 2+ and Co 2+ ) in these crystals have been measured [4 -8] . Among them, Neilo et al. [5] studied experimentally the zero-field splitting D (= b 0 2 in the spin Hamiltonian in [5] ) and the effect of hydrostatic pressure and temperature on D for Mn 2+ [5] . The Mn 2+ (3d 5 ) ion is a 6 S state ion. Because of the lack of the orbital angular momentum in the 6 S ground state, the microscopic origin of the zero-field splitting D of the 6 S state ion in crystals is complex. Several mechanisms can contribute to the zero-field splitting [9 -11] . Among them, the spin-orbit coupling mechanism is believed to be dominant [9, 11] . According to this mechanism, the high-(fourth-and sixth-) order perturbation formula of the zero-field splitting D for 3d 5 ions in trigonal symmetry can be written as [12] :
with
in which ζ denotes the spin-orbit coupling parameter. B and C stand for the Racah parameters. B kq are the trigonal field parameters, which can be calculated from the superposition model [13] . These trigonal field parameters in the superposition model are given as:
where the trigonal distortion angle θ stands for the angle between the metal-ligand bond and the C 3 axis in the impurity center.Ā 2 (R) andĀ 4 (R) are the intrinsic parameters. For 3d n ions in an octahedral site we havē
Dq [9, 13] , where Dq is the cubic field parameter. For the ratioĀ 2 (R)/Ā 4 (R) between 9 and 12, obtained for the 3d n ion in many crystals [14 -16] , we take the average value, i. e.,Ā 2 (R)/Ā 4 (R) ≈ 10. Table 1 ). From these optical spectra, we obtain
A comparison between the calculated and experimental optical spectra is shown in 
The calculated splittings D are compared with the observed values in Table 2 . We find that the relative magnitude of the ratio D (6) /D (4) is smaller than 5%, suggesting that the convergence of the used perturbation formula is good. For 3d n ions in crystals with small trigonal distortion [characterized by (θ − θ 0 ), where θ 0 ≈ 54.74 • , the corresponding angle in cubic symmetry], the zero-field splitting D can be expanded to first-order (θ − θ 0 ) and (R − R 0 ), [19] :
in which the subscript 0 denotes the value in cubic symmetry [thus, D(R 0 , θ 0 ) = ( ∂D ∂R ) 0 = 0 in cubic symmetry]. So, the splitting D depends mainly on the trigonal distortion angle θ . For simplicity, in the following studies of the effects of pressure and temperature on the splitting D of [Zn(H 2 O) 6 ](BF 4 ) 2 : Mn 2+ , we consider only the changes of θ with the pressure and temperature, i. e., 
and at
The calculated and experimental pressure and temperature dependences of the zero-field splitting D are also compared in Table 2 .
Discussion
From [20] . In addition, for 3d n ions in the trigonal octahedron we have [21] 
where F 44 is the spin-lattice coupling coefficient in cubic symmetry. Since for 3d 7 6 ] 2+ octahedron decreases owing to an increase in pressure or a decrease in temperature, the trigonal distortion angle θ increases. So, these compressibilities and thermal expansion coefficients are physically reasonable. It should be pointed out that the temperature dependence of the zero-field splitting D results from both the implicit, or static, contribution due to the lattice thermal expansion and the explicit, or vibrational, contribution due to the electron-phonon interaction [23 -26] . In the above calculation of the temperature dependence of splitting D, for simplicity the vibrational contribution is neglected. So, there may be small errors in the above local angular thermal expansion coefficients.
